Journal of Plant Registrations, Vol. 3, No. 1, January 2009 this also can be problematic. If the seed are artifi cially stratifi ed but the weather or soil conditions are not conducive to planting, the seed must either be placed in cold storage or quickly dried to prevent sprouting. Unfortunately, drying stratifi ed seed can cause some of them to revert back to a dormant state (Shen et al., 2001 ).
An approach that would improve germination and stand establishment and circumvent the potential problems associated with cold stratifi cation is to plant seed with reduced post-harvest dormancy. If switchgrass seed with low postharvest dormancy existed, it would be possible to establish desirable stands when the environmental conditions are conducive for germination and seedling growth. This even could be accomplished using recently harvested seed. The objective of this research was to develop switchgrass germplasm with reduced post-harvest seed dormancy. PI 636468) was developed by the USDA-ARS in cooperation with the Texas Agricultural Experiment Station and was released in May 2007. It was developed from 'Alamo' switchgrass, a cultivar that has the greatest potential as a biofuel crop of all available switchgrass cultivars adapted to the southern United States (Sanderson et al., 1996) . Alamo is a polymorphic, tetraploid (2n = 4x = 36), lowland ecotype that was collected by the USDA Soil Conservation Service (currently the USDA-NRCS) in 1964 from a native population growing near George West, TX, and was released in 1978 by the USDA Soil Conservation Service and Texas Agricultural Experiment Station (currently Texas AgriLife Research) (Alderson and Sharp, 1994) .
Materials and Methods
Because switchgrass is highly self-sterile and is wind pollinated, TEM-LoDorm was developed using recurrent selection techniques. Four cycles of selection were utilized to develop this germplasm. During the fi rst three cycles, fresh seed were harvested, bulked, threshed, and placed in a germinator within 1 or 2 wk after collection. These seed were evaluated for immediacy of germination. For each cycle, the seed were placed on moist germination blotters in petri dishes, and these were put into a germinator that was maintained at 12 h of light (photosynthetic photon fl ux density [PPFD] 
) at 35°C and 12 h of darkness at 20°C.
During the fi rst cycle of selection, 150 seedlings from the seed that germinated within 14 d were selected and saved. The early germinating seedlings were transplanted into a commercial soil mix in 3-cm by 4-cm by 6-cm compartments in plastic fl ats and were eventually transplanted into the fi eld to establish a crossing block to produce seed for the next cycle of selection. A more stringent selection pressure was imposed on the seedlings used to establish the crossing blocks for cycles 2 and 3. Only those seedlings that germinated within 7 d were selected for the second cycle, and by the third cycle, only seed exhibiting outward signs of germination within 3 d after being placed in the germinator were selected. One hundred and fi fty and 163 seedlings were selected and used to establish the cycle 2 and cycle 3 polycross nurseries, respectively. For the fourth cycle of selection, seed were harvested from 131 of the 163 plants in the cycle 3 crossing block and seed from each individual plant were kept separate. One hundred seed from each of the 131 seed lots were germinated immediately after harvest, and the 24 plants that produced seed with the highest and most rapid germination were identifi ed. Vegetative material of these 24 plants was dug from the cycle 3 polycross nursery and each plant was cloned into eight ramets. In April 2001, four ramets of each plant were transplanted into a crossing block near Temple, TX, and the other four ramets were used to establish a crossing block near College Station, TX. At both locations, each block was planted in a randomized complete block design with four replications, and these were used as the cycle 4 crossing blocks. Open-pollinated seed were harvested from all fl owering plants in both but at a suffi cient distance from one another to prevent cross-pollination. Seed were harvested from each of the 96 (intermated) plants in the cycle 4 crossing block and were bulked by entry number. All seed harvested from the unselected Alamo plants were bulked together at each location.
To measure progress in reducing post-harvest dormancy, we compared the rate of germination of recently harvested bulked seed from each of the 24 selected clones to recently harvested seed from unselected Alamo plants produced at both locations over two seed production years. Because of variation in fl owering date of the plants in the cycle 4 crossing block, seed from all 24 entries were not always available at the same time. Since we were interested in determining the germination potential of recently harvested seed, percentage germination was determined within 1 or 2 wk following seed harvest, rather than waiting until seed were available from all entries. Consequently, adequate seed for testing were collected from only 13 of the entries at Temple and College Station in 2001 (Table 1) , but suffi cient seed were collected from fi ve additional entries in 2002 (Table 2) . Seed also were collected from the remaining six entries but not in suffi cient quantity to meet the replication criteria of this experiment.
Seed collected from the cycle 4 crossing block and the Alamo crossing block at both Temple and College Station during autumn 2001 and 2002 were used to quantify the progress made in reducing dormancy. The seed were germinated as previously described except that two different temperature regimes were used. One consisted of alternating temperatures of 12 h at 35°C with light (PPFD 5μmol m -2 s -1
) and 12 h at 20°C in darkness. For the second regime, the temperature remained constant at 30°C with alternating 12 h of light (PPFD 5μmol m -2 s -1
) and 12 h of darkness. For all germination experiments, four replications of nated at alternating temperatures, except for entry 130 seed produced at College Station (Table 1) . However, germination of all the entries at a constant temperature, regardless of location, also was signifi cantly higher than Alamo (Table  1) . The relationship between germination at constant versus alternating temperatures differed between locations but was higher for alternating temperatures, which is characteristic of panicoid grasses (Hyder et al., 1971) . The Pearson correlation coeffi cient for germination at the two temperature regimes was 0.2314 (P = 0.4468) for the Temple seed and 0.9129 (P < 0.0001) for the College Station seed. Although these experiments were not designed to specifi cally address 100 seed each were used and the replications were blocked within the germinator. The duration of all germination experiments was 28 d.
The seed collected at Temple in 2001 were divided into three lots and used to determine the effect of different storage conditions on dormancy and germination. One lot was germinated immediately after collection, and the other two lots were stored under different conditions. One lot was placed in a cold-storage vault (15°C) for 6 mo, and the other lot was stored in a freezer (−20°C) for 6 mo. Seed collected at College Station in 2002 were divided into two lots. One lot was germinated immediately after collection. The other seed lot was stored in a freezer at −20°C for 6 mo before it was germinated. Data from these experiments provide insight as to how different storage conditions affect seed dormancy and also provide additional information on the progress that was made in reducing dormancy.
All data were subjected to analysis of variance using PROC GLM procedures (SAS Institute, 1999) . Mean separations were made on the basis of Duncan's multiple range test at the 0.05 probability level. All data were transformed for analysis using the arcsin square-root transformation to achieve homogeneity of variances; however, the actual percentage germination means are shown in the data tables. Pearson's correlation coeffi cient was calculated to determine the relationship between germination at alternating and constant temperatures.
Results and Discussion

Seed Germination
The germplasm line TEM-LoDorm is unique because it has reduced post-harvest seed dormancy in recently harvested seed to improve germination and stand establishment of switchgrass.
Fresh seed from 13 of the 24 genotypes in TEM-LoDorm and unselected Alamo that were harvested in autumn 2001 at Temple and College Station, TX, were divided into two lots and germinated at alternating (35°C/20°C) and constant (30°C) temperatures (Table 1 ). The percentage germination for all 13 genotypes was signifi cantly higher than unselected Alamo regardless of which germination regime was used or where the seed were produced (Table 1) . These data clearly show the progress made in reducing post-harvest dormancy in these 13 genotypes. Germination of the Temple grown seed at alternating temperatures was 90% or higher for 7 of the 13 entries and was 80% or higher for all 13 entries, whereas germination averaged only 28% for the unselected Alamo seed (Table 1) . These are very high germination percentages for switchgrass, and these data show that signifi cant progress was made in reducing post-harvest dormancy in these entries. When the seed produced at College Station were germinated at alternating temperatures, the percentage germination for all 13 entries and unselected Alamo was lower than the seed produced at Temple, but the germination of all entries was signifi cantly higher than Alamo (Table 1) . When seed produced at both locations were germinated at a constant temperature (30°C), the percentage germination was lower than when germi- Not enough seed of entries 35 and 145 were available to include them in this study. Analysis of variance indicated signifi cant (P < 0.001) entry, storage condition, and entry × storage condition effects. Germination generally was similar for cold room-stored (15°C) and fresh seed, except it was signifi cantly higher for stored seed of entries 30, 40, and 60 than fresh seed, while for entry 93, germination of cold room-stored seed was signifi cantly lower than that of fresh seed. Mean values over all entries for fresh and cold roomstored seed were not signifi cantly different (51.1 vs. 54.6%, respectively). A different pattern was observed for the frozen seed (−20°C), with means over all entries being 17.6%, signifi cantly lower than the other two categories. Germination of frozen seed was never higher than either fresh seed or seed stored at 15°C and in most cases was lower (Table  3) . More important, these data demonstrate that whether stored at 15°C or −20°C, germination of these 11 entries was signifi cantly higher than Alamo. The only exception was entry 93 seed stored at −20°C.
A somewhat different pattern was observed when seed from College Station were stored at −20°C for 6 mo and then germinated at a constant temperature (Table 4) . Overall, germination of the frozen seed was signifi cantly lower than the fresh seed (P = 0.04; 23.9% vs. 36.9%). Germination for all entries, except for entry 30, was numerically lower for the frozen seed, but differences were signifi cant (P < 0.05) for entries 14, 60, 130, and 145 (Table 4) . These data also demonstrate that all entries, either fresh seed or seed stored at −20°C, germinate signifi cantly higher than unselected Alamo. This provides further evidence of the progress made in reducing post-harvest dormancy in the lines that constitute TEM-LoDorm switchgrass.
These combined fi ndings suggest that seed dormancy in switchgrass is conditioned by several to many genes and that strong genotype × environment interactions exist for seed dormancy. The range in the percentage germination of recently harvested fresh seed of the genotypes in TEM-LoDorm for the 2 yr of seed production indicates that this germplasm line is not completely free of post-harvest dormancy. From a practical standpoint, this is desirable. If essentially all the seed germinated immediately after planting but the subsequent environmental conditions are not conducive to seedling survival, not enough dormant seed would remain in the soil to germinate later to establish a desirable stand. However, if some seed remain dormant, suffi cient remnant seed should be in the soil that would germinate and establish a desirable stand once environmental conditions were conducive to germination and stand establishment.
Phenotype and Winter Hardiness
TEM-LoDorm plants are polymorphic and appear similar to Alamo switchgrass. They essentially are indistinguishable from one another. TEM-LoDorm germplasm was grown at Temple, TX, for six winters, and no winter damage was observed. Because Alamo is adapted to plant hardiness zone 6, TEM-LoDorm should have suffi cient cold this issue, the data suggest a strong genotype × location × temperature interaction infl uencing germination.
The germination pattern of the recently harvested seed produced at Temple during autumn 2002 (Table 2 ) was similar to that observed for the 2001 seed (Table 1) in that the percentage germination for all entries was signifi cantly higher than unselected Alamo. Data in Table 2 include the percentage germination of fi ve entries-3, 18, 128, 142, and 161-that were not included in Table 1 and demonstrate that these additional genotypes have less post-harvest seed dormancy than Alamo. However, the percentage germination for essentially all entries of the 2002 seed (Table 2) was lower than that observed for the 2001 seed (Table 1 ). The 2002 summer was much drier than the 2001 summer, and although the crossing blocks received supplemental irrigation on two occasions, the lower germination could be the result of adverse environmental conditions during pollination and seed development.
Combined data in Tables 1 and 2 demonstrate that 18 of the 24 genotypes in TEM-LoDorm switchgrass have less post-harvest dormancy than Alamo. Seed were collected from the remaining six entries but not in suffi cient quantity to meet the replication criteria of this experiment. However, seed from these six entries were germinated, and all had less post-harvest dormancy than Alamo (data not shown).
Effect of Cold Storage on Germination
The 2001 Temple seed (11 of the original 13 entries) stored for 6 mo at 15°C and −20°C were germinated at a constant temperature (30°C); the results are presented in Table 3 . of the 24 genotypes that make up TEM-LoDorm will be maintained by the USDA-ARS, Southern Plains Agricultural Research Center, Crop Germplasm Research Unit, at College Station, TX, and will be used to produce additional seed of this germplasm line. Small quantities of seed from this seed increase block also can be obtained from the corresponding author. Appropriate recognition is requested if this germplasm is used in the development of a new breeding line or cultivar.
